SEM images of oxidized graphene produced from commercial graphene nanoplatelets -mGOM5 are presented in Fig. S1 . From SEM analysis it was assessed that each mGOM5 nanoplatelet was ~ 8 nm in thickness - Fig. S1 . 
Supplementary Information 1. Characterization of mGOM5 and GnPM5
SEM images of oxidized graphene produced from commercial graphene nanoplatelets -mGOM5 are presented in Fig. S1 . From SEM analysis it was assessed that each mGOM5 nanoplatelet was ~ 8 nm in thickness - Fig. S1 . The developed counter-electrode (CE) based on structured oxidized commercial graphene nanoplatelets and nickel nanoparticles was prepared in three steps. First, a small amount of very small nickel nanoparticles (FTO/Ni) were deposited onto FTOcovered glass by electrophoretic deposition (EDP) -load ca. 0.02 C. This deposition technique is widely used in industry since it has the advantage of being an automated and high throughput process 1, 2 . Second, an aqueous or ethanolic dispersion of oxidized commercial graphene nanoplatelets, mGOM5, were sprayed onto the FTO/Ni substrate with a very small load (~5 -15 µg•cm -2 ). The mGOM5 load used in the different depositions was assessed from the transmittance at 550 nm, τ 550nm . Depositions were carried out such that the mGOM5 films had transmittance at 550 nm above 80 %.
Afterwards, the GO based CE was annealed under an inert atmosphere (nitrogen). The CE fabricated with mGOM5 and the FTO/Ni substrate is hereafter coded as mGOM5/Ni.
Raman spectroscopy was performed in order to assess the effect of nickel nanoparticles on the mGOM5 platelets during the annealing stage. Typically "damaged" graphene materials (in which are included oxidized forms) display two prominent bands on Raman spectra [3] [4] [5] [6] [7] : D band at a wavenumber of ca. 1356 cm -1 and G band at a wavenumber of ca. 1582 cm -1 (for an excitation laser energy of 2.33 eV). The D band corresponds to a double resonance Raman scattering near the K point of the Brillouin zone, which is an indication of the presence of defects in the structure. The G band corresponds to a doubly degenerate in-plane optical vibration (E 2g ) and is a representation of the sp 2 hybridized bonds common to all sp 2 nanocarbons (graphene, nanotubes, nanohorns, highly oriented pyrolitic graphite) [3] [4] [5] [6] [7] . The intensity ratio of the D band (I D ) to the G band (I G ), I D /I G , is often used as an indication of the number and size of sp 2 domains and the quantity of defects present in the structure of graphite-based materials [3] [4] [5] [6] [7] [8] [9] . In Table S1 it is shown the intensity ratio of I D /I G of several mGOM5-based films. Measurements were also performed on equivalent CEs that did not suffer annealing (referred to as "NA"). It is worth mentioned that it was outside the scope of Rather, the purpose of this analysis was to show that there was a change in the number of defects caused by the same nickel particles. The mentioned characterization will be performed and presented in a future publication. fill factor, FF) were extracted from the I-V curve and used to calculate the efficiency, η:
where IS is the intensity of the incident light. Figure S4 . 10, 11 The model was used assuming that at the measured open-circuit voltages the electronic transport resistance in the semiconductor was negligible and thus the transmission line would take in consideration only the recombination resistance between electrons at the TiO2 and the electrolyte 10, 11 . The respective fitted parameters are shown in Table S2 . Acetonitrile-base medium electrolyte was used again to study the electrocatalytic activity of the new CEs towards the I 3 − /I − redox couple. The mGOM5-based CEs were prepared using water dispersions of mGOM5. Table S3 . The fabricated DSCs were also analyzed by electrochemical impedance spectroscopy - Fig. S6 . The EIS fitting parameters are summarized in Table S4 . 
Supplementary Information 4. Analysis of half-cells
The electrocatalytic activity of the CEs can be accessed from half-cells (or material. This means that diffusion in porous within the catalytic material was not present and consequently no bulk/porous diffusion should be represented.
Fig. S7
Electrical analogue used for fitting the electrochemical impedance spectra data of half-cells.
The fitting of the EIS experimental data was accomplished with ZView ® software (Scribner Associates Inc.). The R ct parameter is particularly relevant for the evaluation of a CE. R ct is directly related to the ability of the material to catalyse the reduction of I 3 -at the CE/electrolyte interface. R ct is also related to the exchange current density through the equation 2 :
where R is the gas constant, T is the temperature, F is the Faraday constant and n is the stoichiometric number of electrons involved in a reaction. Since an efficient CE should have a j o similar to the photocurrent density of the DSC photoanode, the R ct value should be as low as possible in order to reduce the electrolyte as quickly as possible [13] [14] [15] [16] . Regarding the capacitance of the CE, as it represents the accumulation of charge, it should be also as low as possible 6 . Fig. S8 shows the Nyquist diagrams of CEs of the half-cells at 0 V. Left-hand side semicircles correspond to high-frequency measurements (more than 10 Hz) and reflect the charge-transfer resistance and double layer capacitance of the CE, while right-hand side semicircles result from low-frequency measurements (less than 10 Hz) associated with the Nernst diffusion impedance. 18, 19 When comparing the mGOM5 CE with mGOM5/Ni CE it can be seen that the inclusion on Ni particles in the FTO substrate had a profound effect in the electrocatalytic activity of the mGOM5 film - Table S5 This means that less charge is accumulated at the mGOM5/Ni CE/electrolyte interface during the reduction of I 3 − ions, presumably due to its better catalytic nature.
Considering that the graphene-based CEs had roughly the same thickness (because they had similar transmittances) and therefore the same available surface area for catalysis, the fact that the mGOM5 CE showed a high capacitance and high R ct seems to indicate that Ni particles might played a role for the increased electrocatalytic activity.
For better quantitative comparison of such thin films, the product R ct C CE was used as a figure of merit for their catalytic activity. For that it was assumed that the areaspecific capacitance of the CEs only depends on the capacitance of the Helmholtz layer double layer per microscopic surface area, which if similar in carbon materials of metallic nature. 14 As the capacitance had been previously replaced by a constant phase element for fitting the Nyquist curves, it was necessary to calculate the overall capacitance, C CE The results in Table S5 show that the mGOM5/Ni CE has a R ct C CE of 0.012 ms, much lower than the one obtained for the Pt CE -0.047 ms. The mGOM5 CE exhibit the worst R ct C CE value (0.06 ms). These results further confirm the higher catalytic activity yield by the mGOM5/Ni CE.
